The present study includes a review of the geographic and stratigraphic distribution of short-faced bears (Ursidae, Tremarctinae) in South America. In addition, the authors discuss biogeographic hypotheses regarding the origin of South American tremarctines. The Tremarctinae subfamily is distributed exclusively in America, from Alaska to southern Patagonia. Its biochron comprises the temporal lapse between Late Miocene and recent times; the first record of Tremarctinae in North America corresponds to the Hemphillian and the last to the Rancholabrean. In South America, the first record corresponds to the Ensenadan. In the present day, it corresponds to the only living tremarctine, the 'Andean Bear,' but short-faced bears became extinct during the early Holocene. The extinction of short-faced bears in North and South America appears to have been approximately synchronous. Finally, the fossil record in South America indicates species turnover between the Ensenadan and Bonaerian, during which time the giant species Arctotherium angustidens was replaced by Arctotherium tarijense, Arctotherium bonaeriense, and Arctotherium vetustum (and probably Arctotherium wingei). q
In discussing this record, we rely greatly on the biostratigraphic record of the Pampean area of central Argentina, the best known in South America (see Cione and Tonni, 1999; Fig. 1) . Tonni (1999, 2001) consider the Tolypeutes pampaeus biozone the biostratigraphical base of the Ensenadan; however, Tolypeutes pampaeus could be a poorly defined species, and its temporal range could be wider than the Ensenadan (Carlini and Scillato-Yané, pers. comm.) . Therefore, we propose a new taxon to define this biozone: Mesotherium cristatum, a well-defined, frequent, geographically widely distributed notungulate restricted to the Ensenadan (Bond, 1999) .
Introduction to the fossil record of Tremarctinae

Geographic and stratigraphic distribution
The Tremarctinae biochron comprises the temporal lapse between the Middle Hemphillian (earliest Late Miocene) and the present (Fig. 2) .
In North America, they are recorded from the earliest Late Miocene to the Early Holocene; the oldest record of a Tremarctinae bear (Plionarctos sp.) comes from the Middle Hemphillian (Tedford and Martin, 2001) . P. edenensis is recorded in the Late Hemphillian and P. harroldorum in the Blancan I (Early Pliocene; Tedford and Martin, 2001 ). Plionarctos has not been recorded in sediments younger than Early Pliocene; Tremarctos is recorded from the Blancan III (Late Pliocene) to the present; T. floridanus appears from the Blancan III to the Rancholabrean (MiddleLate Pleistocene); and T. ornatus only occurs in present times (Kurtén, 1966) . The oldest record for Arctodus is Blancan IV (Latest Pliocene), and the youngest is Rancholabrean. The biochron of A. pristinus comprises the temporal lapse between the Blancan IV and Irvingtonian (Early-Middle Pleistocene); that of A. simus comprises the temporal lapse between the Irvingtonian and Rancholabrean (Kurtén, 1967) . In North America, the youngest records emerge for A. simus (9630G60 14 C yr BP, Gobetz and Martin, 2001; 10,800 14 C yr BP, Gillette, 1996) and T. floridanus (10,500 14 C yr BP, Anonymous, 1998; 7432G 300 14 C yr BP [C-823] ). In South America, the oldest records of fossil bears are Ensenadan, the 'Puelchan' record could be Ensenadan in age (Cione and Tonni, 1995) , and the youngest are latest Lujanian (Early Holocene). According to 14 C dates, the two youngest records in South America are A. tarijense (UMAG 53643, 11,210G50 14 C yr BP, San Roman et al., 2000; GALY s/n, 11,600G130 14 C yr BP, Ubilla and Perea, 1999) . In addition, the only existing extant Tremarctinae (Tremarctos ornatus) lives in South America.
Geographic distribution
The subfamily Tremarctinae is distributed exclusively in America, from Alaska to southern Patagonia. The UMAG 53643 at 'Cueva de los Chingues,' Chile (Prevosti et al., 2003) is the southernmost record of Ursidae in the world. In North America, Plionarctos is recorded in the central western area, and Tremarctos floridanus appears in the southern area. Arctodus presents the widest distribution of the North American taxa (Kurtén, 1966 (Kurtén, , 1967 Kurtén and Anderson, 1980; Soibelzon, 2002) .
In South America, Arctotherium is recorded mainly on the east side of the continent from Venezuela to southern Patagonia (Venezuela, Brazil, Uruguay, Argentina, Bolivia, and Chile), whereas Tremarctos ornatus is distributed on the west (Venezuela, Colombia, Ecuador, Peru, and Bolivia).
The fossil record of short-faced bears in South America
Temporal distribution
The fossil record in South America usually presents serious problems because it often lacks sufficient documentation of the stratigraphic and/or geographic provenance of materials from old collections, such as those from MiddleLate Pleistocene sediments (late Pampean sediments). In some localities, one of the authors (EPT) was able to use the well-known stratigraphy as documentation. Although for some remains, the stratigraphic reassessment provided additional information, for in another 10-15 records, it was impossible to assess the stratigraphic position.
Ensenadan
The M. cristatum biozone represents the Ensenadan in the Pampean region Fig. 1) . During the Ensenadan, only one bear species, the gigantic A. angustidens, is recorded. For a detailed discussion of the Ensenadan record of short-faced bears, see Soibelzon et al. (2001) ; Soibelzon (2002; 2004) .
The primary, and oldest, record of A. angustidens comes from the Toscas del Río de La Plata. This level corresponds to chron C1r2r . According to the available magnetostratigraphic information, the age of the Toscas del Rìo de La Plata is older than 0.98 Ma and younger than 1.76 Ma (Bidegain, 1991; .
Some specimens of A. angustidens were found in the marine cliff from southeastern Buenos Aires province. Three specimens (MMMP 162S, 26S, 48S) came from these marine cliffs north of Mar del Plata City. In this area, sediments have been referred to the Ensenadan, Bonaerian, Lujanian, and Platan (Tonni et al., 1992; Cione and Tonni, 1995; 1999) . Recent magnetostratigraphic studies by Bidegain et al. (1998) show that a change from chron C1r to C1n can be identified 7 m above the top of the cliff (3 m from the base). This finding implies that the age of the sediments where MMMP 26S and 48S were found is 0.98-0.78 Ma. Unfortunately, the stratigraphic procedure used for MMMP 162S is not precise ('middle part of the cliff'); therefore, the sediments to which it has been referred could pertain to chron C1r or the base of chron C1n. If so, the age of the sediments could be younger than 0.78 Ma.
Approximately 50 km south of Mar del Plata City, at the D level of the marine cliff 'Punta Hermengo' (Tonni and Fidalgo, 1982) , two specimens (MLP 87-V-5-1 and MLP 01-IV-1-1) were found. No magnetoestratigraphic information exists for this sector of the marine cliff, though Tonni et al. (1998) correlated the D level with the lower to middle section of the northern marine cliff at Mar del Plata City on the basis of the faunistic record. In the B level , at the base of the marine cliff 5 km south of Mar del Sur, MMPH 18 was found. Soibelzon et al. (2001) correlated this level with the lower to middle section of the northern marine cliff at Mar del Plata City.
Several records of A. angustidens were found in Tarija Valley (e.g. AMNH 117433 and others housed in museums in La Paz and Tarija, Bolivia), but none contains indicators about the stratigraphic provenance. The Tolomosa (formerly Tarija) Formation is composed of two units: The lower one consists of poorly fossiliferous clays, and the highly fossiliferous upper one is composed of conglomerates. The age of the base of the lower unit is approximately 1 Ma (MacFadden, 2000) . Thus, the lower unit could be regarded as Ensenadan in age, though not by its biostratigraphical context. It is noteworthy that the highly fossiliferous upper unit is younger than 0.78 Ma. Thus, the specimens of A. angustidens found in Tarija may be Ensenadan in age, according to the record of this species in the Pampean region of Argentina.
In summary, A. angustidens is not very frequently recorded (similar to other members of Carnivora) but represents a conspicuous element of the M. cristatum biozone. Furthermore, A. angustidens is a characteristic species of the Ensenadan, and its biochron comprises the temporal lapse between 1.76 Ma (chron C1r2r) and 0.78 Ma (base of chron C1n) (Soibelzon et al., 2001 ).
Bonaerian
The Megatherium americanum biozone corresponds to chron C1n and represents the Bonaerian in the Pampean region  Fig. 1 ). The records of A. vetustum, A. bonariense, and A. tarijense start in the Bonaerian (Soibelzon, 2002) , as do many other clades of holartic origin that demonstrate a great increase in diversity (Cione and Tonni, 2001) .
In sediments assigned to the Early Bonaerian at Buenos Aires City (Ameghino, 1904) , A. tarijense (MACN 2667) and A. bonariense (MACN 2668) have been recorded. In sediments of the marine cliff outcropping 500 m south of 'Parque Camet' (north of Mar del Plata City), A. bonariense (MLP 99-X-10-1) was found and assigned to the Early Bonaerian (Soibelzon et al., 2001) . A. tarijense (MACN 971) and A. vetustum (MACN 1201) were recorded in the Late Bonaerian of Mercedes (Buenos Aires province; Ameghino, 1904) .
In the Bonaerian s.l., both A. vetustum (MMMP 1233, Galileo Scaglia in Berman, 1994; MLP 10-7, Soibelzon et al., 1999) and A. tarijense (MLP 10-71, ; MCA 1087, MLP 34-VIII-1-1) were recorded. Two other specimens of A. vetustum are recorded in Entre Rìos province (MACN A1277 from Villa Urquiza and MACN 17486 from Arroyo Alcaraz); because they lack stratigraphic information however, they can be confidently assigned only to the Middle-Late Pleistocene.
In summary, evidence indicates that A. vetustum is recorded exclusively in the Bonaerian, at least in the Pampean area. The likely record of A. vetustum in Brazil remains to be confirmed from a taxonomic point of view. Also, the fossil records of A. tarijense and A. bonariense start in the Bonaerian, at least in the Pampean area of Argentina.
Lujanian
The Equus (Amerhippus) neogeus biozone represents the Lujanian in the Pampean region ; Fig. 1 ). This biozone corresponds to chron C1n, as well as the Bonaerian. From the Lujanian, three species have been recorded: A. wingei, A. bonariense, and A. tarijense.
The only species recorded in sediments that represent the Early Lujanian (w130 ka, Isla et al., 2000) is A. tarijense (MLP 92-XI-27-1), from the marine cliff at Centinela del Mar, Buenos Aires province.
At Río Quequèn Salado (Buenos Aires province), both A. bonariense (MACN 9645-47 and MMCN 69-6-1) and Arctotherium sp. (MLP 42-VI-24-29) were recorded. On the flow plain of Río Quequèn Salado, sediments represent the temporal lapse between approximately 130 ky and 12-10 ky BP (Pardiñas et al., 1996) .
From the Late Lujanian (w20 ky, Tonni et al., 1998) of southern South America, only one species, A. tarijense, is recorded. Specimen MLP 92-XI-28-1 comes from the marine cliff at Camet Norte, where sediments have been dated 24,450G150 14 C yr BP . Specimen MMMP 1441 comes from an excavation in Mar del Plata City whose sediments have been assigned to the Late Lujanian (G. Scaglia in Berman, 1994 The other young specimen (GALY s/n; cited as 'Pararctotherium pamparum' by Perea and Ubilla, 1983; see Soibelzon, 2002 ) is from Río Gutiérrez, Río Negro County, Uruguay, and has been dated as 11,600G130 14 C yr BP (Ubilla and Perea, 1999) .
Also during the Late Lujanian but in northern South America, A. wingei has been recorded (#1 from 'El Muaco' local fauna, Falcón state, Venezuela; #2 from 'El Guácharo' cave local fauna, Monagas state, Venezuela; Linares, pers. comm.). These two are the only records for A. wingei that contain a stratigraphic provenance, but there are no 14 C data for them. As we emphasized previously, it is impossible to determine the biochron of A. wingei because only these two individuals have stratigraphic information. Other samples of the species lack precise indicators (e.g. MACN 1453 and 1454 from Tarija Valley, Bolivia) or were found out of their stratigraphic context in caves such as Lagoa Santa (e.g. UZM 5249, 5715, 5717, 5723) or others in Brazil (e.g. GP/2-T4; IGC 10). Thus, it is not possible to establish the biochron of A. wingei with precision, though Trajano and Ferrarezzi (1994) ; Cartelle (1998) believe the specimens came from the Late Pleistocene (w12 ka.)
In summary, A. wingei is recorded exclusively in the Lujanian, but more records are needed to confirm this preliminary conclusion. At the end of the Lujanian, shortfaced bears seem to have become extinct in South America, approximately 2 ka before they become extinct in North America.
Geographic distribution
Venezuela
The fossil record of A. wingei in Venezuela is extremely significant because it is the only one in the northern part of South America (Fig. 3) . In the future, the short-faced bears' entrance to South America may be documented in the Late Pliocene or Early Pleistocene of this part of the continent.
Brazil
Trajano and Ferrarezzi (1994) and Cartelle (1998) suggested that all bears recorded in Brazil correspond to A. wingei, but at least one (skull MHN s/n from Minas Gerais, Cartelle, 1994) probably corresponds to A. vetustum (Soibelzon, 2002) .
Uruguay
Few fossil bear remains occur in Uruguay. Of these few, one (Galy s/n) was assigned to A. tarijense by Soibelzon (2002) . Another was assigned to 'Arctodus bonariensis' by Perea and Ubilla (2001) , but according to a systematic revision of the Temarctinae subfamily (Soibelzon, 2002; 2004) , the fragmentary nature of its record, and the lack of a precise stratigraphic context, it should be considered Arctotherium sp., pending further studies.
Bolivia
All known Bolivian fossil bears come from Tarija Valley. Soibelzon (2002) recognized three species from Bolivia: A. tarijense, A. wingei, and A. angustidens.
Chile
In 1900, a portion of femur found in the 'Cueva del Milodón' (Ú ltima Esperanza, 52805 0 37 00 S, 69844 0 31 00 W) was referred to Arctotherium sp. (Smith Woodward, 1900) . Although the specimen is now lost, the size and morphology reflect those of the femur of Arctotherium, but it cannot be assigned to any particular species. Curiously, this record was ignored in revisions of the South American fossil Tremarctinae (e.g. Kraglievich, 1926; 1934; Kraglievich and Ameghino, 1940; Kurtén, 1967; Berman, 1994; Trajano and Ferrarezzi, 1994) . The discovery of an I2 of A. tarijense at 'Cueva de los Chingues' confirms the presence of Arctotherium in southern Patagonia (Prevosti et al., 2003) . 
Argentina
In the Pampean region of Argentina, all Arctotherium species (except for A. wingei) have been recorded. The most complete record comes from Buenos Aires province, with A. angustidens, A. vetustum, A. bonariense, A. tarijense, and Arctotherium sp.; some records also appear in Santa Fe, San Luis, and Entre Ríos provinces, but the fossil record in other Argentinean provinces is poor compared with that of Buenos Aires. In Entre Ríos province, only one species, A. vetustum, was recorded. Arctotherium sp. was recorded in San Luis province, and A. tarijense and Arctotherium sp were recorded in Santa Fe province.
Biogeographical background
Florentino Ameghino (1885) suggested a South American origin for the Tremarctinae subfamily on the basis of the erroneous stratigraphic provenance of specimen MACN 1277 (A. vetustum), which he believed to be 'Mesopotamian' in age (Late Miocene). This hypothesis was accepted by Carlos Ameghino (1916) , but Merriam et al. (1916) , Merriam and Stock (1925) , and Kraglievich (1926) placed the stratigraphic provenance of MACN 1277 in doubt and, in turn, questioned Ameghino's (1885 Ameghino's ( , 1906 hypothesis.
The Great American Biotic Interchange (GABI; Stehli and Webb, 1985) was considered a dispersion event, though it is difficult to verify a dispersion or vicariance event for the origin of South American short-faced bears. Only one record for Arctotherium occurs in northern South America (A. wingei from the Late Pleistocene and Early Holocene of Venezuela; Linares, pers. comm.), which implies that one of the most plesiomorphic taxa of Arctotherium (Kurtén, 1967; Soibelzon, 2002) was distributed south of the Panamian Isthmus.
The first record of Arctodus in North America is from the Late Pliocene; thus, the cladogenetic event that resulted in Arctodus and Arctotherium should be earlier, perhaps in the Early Pliocene. Since as early as the Late Pliocene, the Panamian Isthmus had emerged, and if we accept the vicariance hypothesis, tremarctine bears must have been recorded in South America at least from that epoch. However, there is no fossil record for bears prior to the Early Pleistocene (Ensenadan) south of the Panamian Isthmus. According to Webb (1991) , the most successful holartic families involved in the GABI diversified north of the Panamian Isthmus before the interchange, which suggests that the origin of Arctotherium must be related to a dispersion event rather than a vicariance event.
According to Trajano and Ferrarezzi (1994) , a subsequent second event is needed to explain the occurrence of T. ornatus in South America. The absence of T. ornatus in the fossil record of either North or South America indicates that this species differentiated during the Holocene from its sister group (T. floridanus).
The fossil record of Arctotherium in South America also indicates that cladogenetic events occurred in intertropical areas. For example, A. wingei (exclusively), A. vetustum, A. angustidens, and A. tarijense have been recorded in those areas.
Conclusions
First, the Tremarctinae subfamily is distributed exclusively in America, from Alaska to southern Patagonia. The fossil record indicates that the geographic origin of the group was central eastern North America and that the group arrived in South America during the GABI. Second, the Tremarctinae biochron comprises the temporal lapse between Late Miocene (w7 Ma) and recent times. The first record of Ursinae in North America (Blancan I) is younger than the first record of Tremarctinae, in support of Kurtén's (1966) hypothesis with respect to the origin of both subfamilies from Agriotheriinae. The subfamily's first record is in North America during the Hemingfordian (Early Miocene).
Third, the first records of Tremarctinae in North America correspond to the Hemphillian (Plionarctos sp.) and the last to the Rancholabrean (T. floridanus and Arctodus simus). In South America, the first record corresponds to the Ensenadan (A. angustidens) and continues to the present (Tremarctos ornatus), though short-faced bears became extinct during the early Holocene. Thus, the extinction of short-faced bears in both North and South America appears to have been approximately synchronous. Fourth and finally, though Berman (1994) suggested that all shortfaced bear species in South America were recorded during the Ensenadan-Lujanian, the fossil record indicates a species turnover between the Ensenadan and the Bonaerian. During this time, A. angustidens was replaced by A. tarijense, A. bonaeriense, and A. vetustum (and probably A. wingei), as was suggested by Kraglievich (1934) ; Kraglievich and Ameghino (1940) .
